Bis(N,N'-diisopropylacetamidinato)calcium(II), 2. Ca (4.00 g, 99.8 mmol) , N,N '-diisopropylacetamidine (28.39 g, 199.6 mmol) , and THF (200 mL) were combined in a 500-mL Schlenk flask under argon and cooled to -78 °C in a dry ice/acetone bath. Ammonia gas was charged into the flask until the volume of the condensed ammonia was 200 mL or the Ca pieces were fully dissolved. The reaction mixture was kept in the dry ice/acetone bath for 2 h, and then warmed to room temperature. The reaction mixture was kept at room temperature until the ammonia completely evaporated, and then THF and other volatiles were removed under vacuum.
The residue was dissolved in pentane. The supernatant was filtered on celite under inert atmosphere, and the filtrate was evaporated under vacuum at room temperature to afford white powder. This powder was transferred to a sublimator under inert atmosphere, and white crystals of compound 2 were collected by sublimation under vacuum (0.1 Torr) at 120-125 °C. Yield: 19 g (59 %). Mp. 170-174 °C. Anal. Calcd. for C16H34N4Ca : C, 59.6; H, 10.6; N, 17.4. Found: C, 59.3; H, 10.4; N, 17.3 Table S1 . Data were collected with an area detector by using the measurement parameters listed in Table S1 . The measured intensities were reduced to structure factor amplitudes and their esd's by correction for background, scan speed, Lorentz and polarization effects. No corrections for crystal decay were necessary. Multi-scan absorption corrections (SADABS) were applied, with the absorption coefficient and maximum and minimum transmission factors listed in Table S1 .
Systematically absent reflections were deleted and symmetry equivalent reflections were averaged to yield the set of unique data. All 5623 (1) and 6578 (2) unique data were used in the least-squares refinements. The analytical approximations to the scattering factors were used, and all structure factors were corrected for both real and imaginary components of anomalous dispersion.
1:
The systematic absences for h0l (l ≠ 2n) and 0k0 (k ≠ 2n) were uniquely consistent with space group P2 1 /c. The structure was solved by direct methods (SHELXTL); the correct positions for both calcium atoms, as well as all carbon and nitrogen atoms in both terminal ligands and the major component of both bridging ligands, were deduced from the initial E-map. The hydrogen atoms were fixed in "idealized" positions with C-H = 0.98 Å (methyl), 1.00 Å (isopropyl methine), or 0.95 Å (formamidine). Methyl groups were allowed to rotate about the C-C axis to find the least-squares hydrogen atom positions, except for C32, which would not converge well without fixed hydrogen atom positions. Isotropic displacement parameters for methyl hydrogen atoms were set to 1.5 times U eq for the attached carbon, and for methine and formamidine hydrogen atoms to 1.2 times U eq . Successful convergence was indicated by the maximum shift/error of 0.001 for the last cycle. A final analysis of variance between observed and calculated structure factors showed no apparent errors.
2:
The systematic absences for h0l (l ≠ 2n) and 0k0 (k ≠ 2n) were uniquely consistent with space group P2 1 /c. The structure was solved by direct methods (SHELXTL); the positions for both calcium atoms, as well as all carbon and nitrogen atoms in both terminal ligands and many atoms in the bridging ligands, were deduced from the initial E-map. Subsequent leastsquares refinement and difference Fourier calculations revealed the second positions of the nitrogen and carbon atoms of disordered bridging ligands. Analysis of missed symmetry in PLATON suggested the correct space group was Pnma. Although refinement in neither space group afforded a publishable model owing to weak diffraction and extensive disorder, in both models the connectivity was identical to that found in 1. Thermogravimetric Analysis (TGA). TGA experiments were performed with a TA Instruments Model Q50 system in a glovebox. N2 was used as the flow gas (Balance Gas: 40 mL/min, Sample gas: 40.0 mL/min). Aluminum sample pans (100 μL, TA Instruments Cat. #:
952323.902) with diameter 1 cm were used for this experiment; a new pan was used for each experiment.
Ramp TGA experiments: these experiments were performed at two different conditions in the temperature range between room temperature and 550 °C.
1) ca. 10 mg of 1 or 2 was used for Ramp TGA with a heating rate of 10 °C/min.
2) ca. 80 mg of 1 or 2 was used for Ramp TGA with a heating rate of 20 °C/min.
Isothermal TGA experiments:
These experiments were performed to obtain the temperature dependence of the evaporation rate. In a typical experiment, a sample pan was loaded with sample material (80-85 mg for 1 and 2, and ca. 25 mg for Ca3(tmhd)6) and then heated at 10 °C/min to the first isotherm temperature. After the temperature stabilized, it was maintained for 10 minutes to collect isothermal weight loss data at that temperature. The temperature was then raised to the next isotherm temperature following the same protocol. The isotherm temperatures were 150, 175, 200, 225, 250, 275 , and 290 °C for 1 and 2 and 200, 225, 250, 275, and 290 °C for Ca3(tmhd)6. 1 is liquid at all these evaporation temperatures; 2 is solid at 150 °C and liquid at the higher temperatures; Ca3(tmhd)6 is solid at 200 °C and liquid at the higher temperatures. Evaporation rates were obtained by dividing the isothermal weight loss at each temperature by the time (minutes) at that temperature and the area of the pan. Figure S4 . Isothermal TGA curves of a) Ca(II)FormAmd (1) 
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ALD of CaS films
CaS thin films were deposited on thermal oxide substrates (300 nm of The purge time after each dose of precursor vapor or H2S was set to 20 s to completely remove unreacted material and by-product species, and to prevent reactions in the vapor phase. The deposition process was done using stop-flow ALD mode, reported in detailed elsewhere. [3] Characterization of CaS films. XRD/XRR (D8 DISCOVER with DAVINCI Design, equipped with Göbel mirror/ACC2 with LynxEye geometry) was used for both determination of CaS film thickness (XRR: X-ray reflectivity) and obtaining XRD spectrum of CaS film. The sample for XRD measurement was prepared using 1000 ALD cycles on a thermal oxide substrate with an X-Ray Photoelectron Spectrometer (XPS) (Thermo Scientific K-Alpha XPS system) that utilizes the monochromatic soft aluminum Kα X-ray, which is generated by a 12 kV electron beam. To confirm the identity of the film material, CaS was deposited by ALD on a TEM grid (coated with 15 nm of silicon nitride; Figure 3d and S8). This CaS film is polycrystalline and not S14 preferentially oriented. Consequently, the electron diffraction pattern contains lines from all of the possible planes of the rock salt structure, confirming that the crystalline material is CaS. Figure S6 . High-resolution X-ray Photoelectron Spectroscopy scan of the C1s region of CaS films grown at 130, 150, 167, 213, 251, 279, 296 , and 312 °C. Carbon contamination is not detectable at ALD window (150-279 °C). 
